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A bstrac t
Milkfish is one of the m ost im portant food fishes in Taiwan. There 
a re  m ore than 16,000 ha of culture a re a  and over 160 millions of fry  a re  
needed for m ilkfish  farm ing industry  every  yea r .  The fry a re  collected 
f ro m  the sea and a lso  im ported from  other countries . However, due to 
seve ra l  environm ental fac to rs ,  the re  is unpredictable fluctuations in the 
occu rrence  of these  wild fry . In recen t y e a r s ,  the demand for milkfish 
fry  has gone up considerably  owing mainly to the fast-grow ing populations, 
the natura l re so u rc e s  being so lim ited  that the re  is insufficient supply of 
stocking m a te r ia ls  of th is  im portant foodfish.
To solve the p rob lem  of shortage of m ilkfish  fry ,  Tungkang Marine 
Labora to ry  s ta r ted  the p re l im in a ry  w ork on a rt if ic ia l  propagation of 
milkfish in 1970. In addition to capturing wild spaw ners , the L abora to ry  
has a lso  been ra is ing  the adult m ilkfish  in tanks for this objective. After 
being re a re d  for six y e a r s ,  one male and one female were d issec ted  on 
11 April 1976. The male had ripe sp erm s; the te s te s  weighing 4.63 g 
with the GSI of 0 .1 2 .  The gonad of the female weighed 21.20 g with the 
GSI of 0 .66 and p a r t  of the ovarian oocytes was found to be at the oil 
droplet (yolk vesic le) s tage . Judging from  the condition of m aturity  of the 
above fem ale , the feasib ility  of ra is ing  ta n k - re a re d  spawners was ensured . 
It is believed that th is  is the f i r s t  a ttem pt on the world and is the prelude 
to successfu l a r t if ic ia l  propagation by using ta n k - re a re d  m ilkfish as 
sp aw n er .
Introduction
The milkfish, Chanos chanos is one of the best cultivable fishes in 
Taiwan, being euryhaline , d isease  re s is ta n t ,  popular and m ost economical 
to grow. There a re  m ore  than 16,000 ha of a re a  under m ilkfish  culture 
in Taiwan. At a stocking density  of 10,000 pe r  h e c ta r e , the annual 
requ irem en t for m ilkfish  fry  exceeds 160 m illion. In addition, the
*C o n tr ib u t io n  A No. 31 fro m  the Tungkang Marine L abora to ry .
**Tungkang Marine L abo ra to ry , Taiwan F ish e r ie s  R esea rch  Institute 
Tungkang, P ingtung, Taiwan.
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d e m a n d  f o r  m i l k f i s h  f r y  is  in c r e a s in g  b e c a u s e  y o u n g  m i l k f i s h  is  fo u n d  to  
be  a n  id e a l l o n g l in in g  b a i t  in  r e c e n t  y e a r s  a n d  a ls o  b e c a u s e  a g r e a t  m a n y  
m i l k f i s h  f r y  a n d  f i n g e r l in g s  o f te n  d ie  o f  f r i g i d  w e a th e r  d u r in g  o v e r w in t e r in g .  
B e s id e s ,  t h e r e  i s u n p r e d ic ta b le  f lu c tu a t io n s  in  th e  o c c u r r e n c e  o f  w i l d  f r y  
d u e  t o  m a n y  e n v i r o n m e n ta l  f a c t o r s  w h ic h  f u r t h e r  l i m i t  th e  q u a n t i t y  o f 
s to c k in g  m a t e r ia ls  o f  m i l k f i s h .
U s u a l ly ,  o n ly  85%  o f  th e  t o t a l  r e q u i r e m e n ts  o f  f r y  in  T a iw a n  is  
c a p tu r e d  f r o m  th e  w i l d .  T h e  d e f ic ie n c y  is  m a d e  up  b y  im p o r t in g  f r y  f r o m  
th e  P h i l ip p in e s  a n d  In d o n e s ia .  R e c e n t ly ,  s u p p ly  o f  s e e d  in  b o th  c o u n t r ie s  
a r e  l im i t e d .  In  1 9 7 4 , o n ly  13% o f  th e  d e m a n d  w a s  c o l le c t e d  in  th e  
P h i l ip p in e s  a n d  m o s t  m i l k f i s h  p o n d s  r e m a in e d  id le  ( S c h m it to u ,  1 9 7 5 ) .  S u c h  
a s e r io u s  d o w n w a rd  te n d e n c y  w i l l  u n d o u b te d ly  b e c o m e  a b ig  p r o b le m  in  
m i l k f i s h  f a r m in g  in d u s t r y .
W i th  a v ie w  to  s u p p ly in g  a n  a d e q u a te  q u a n t i t y  o f  f r y ,  T u n g k a n g  
M a r in e  L a b o r a t o r y  in i t ia t e d  th e  p r e l im i n a r y  w o r k  o n  a r t i f i c i a l  p r o p a g a t io n  
o f  m i l k f i s h  in  1 9 7 0 . In  a d d i t io n  t o  c a p tu r in g  w i ld  s p a w n e r s ,  th e  L a b o r a t o r y  
h a s  b e e n  r a is in g  m i l k f i s h  in  c e m e n t  ta n k s  s in c e  th e n .  A f t e r  b e in g  r e a r e d  
f o r  f i v e  y e a r s ,  one  m a le  a n d  o ne  fe m a le  a d u lt  m i l k f i s h  w e r e  d is s e c te d  on  
13 M a y  1 9 7 5 . A g a in  o n  th e  s ix t h  y e a r  o f  r e a r in g ,  one  m a le  a n d  one  
fe m a le  w e r e  s a c r i f i c e d  o n  11 A p r i l  1 9 7 6 . T h e  r e s u l t s  w e r e  h ig h ly  e n c o u r a ­
g in g .  T h e  m a le  a g e d  f iv e  y e a r s  h a d  m a tu r e  s p e r m .  T h e  g o n a d a l d e v e lo p ­
m e n t o f  th e  fe m a le  o f  s ix  y e a r s  o f  a ge  w a s  m o r e  a d v a n c e d  th a n  th a t  o f 
f i v e  y e a r s .  I t s  g o n a d  w e ig h e d  2 1 ,  20 g w i t h  th e  G S I o f  0 . 6 6 .  P a r t  o f  i t s  
o v a r ia n  o o c y te s  w a s  fo u n d  to  be a t o i l  d r o p le t  ( y o lk  v e s ic le )  s ta g e .
J u d g in g  f r o m  th e  c o n d i t io n  o f  s a id  g o n a d a l d e v e lo p m e n t ,  th e  f e a s ib i l i t y  o f  
r a is in g  t a n k - r e a r e d  m i l k f i s h  a s  s p a w n e rs  a n d  th e  p r o s p e c t  f o r  t h e i r  
s u c c e s s fu l  a r t i f i c i a l  p r o p a g a t io n  a r e  f a i r l y  e n s u re d .
M a t e r ia ls  a n d  M e th o d s
T h e  m a t e r ia ls  f r o m  th e  p r e s e n t  s tu d y  w e r e  w i l d  m i l k f i s h  f r y  
c o l le c te d  in  th e  s h o r e l in e  o f  T u n g k a n g  c o a s t  in  1 9 7 0 , a n d  h a d  b e e n  r e a r e d  
in  c e m e n t  ta n k s  a t T u n g k a n g  M a r in e  L a b o r a t o r y  f o r  f iv e  a n d  s ix  y e a r s .
T w o  h u n d re d  f is h e s  w e r e  r e a r e d  in  a r e c t a n g u la r  c e m e n t ta n k  
(10  m  x  2 0  m  x  1. 5 m  deep ) f o r  th e  f i r s t  t h r e e  y e a r s .  T h i r t y  f is h e s  w e r e  
r a n d o m ly  s e le c te d  f r o m  th e s e  a n d  t r a n s f e r r e d  to  a ro u n d  c e m e n t  ta n k  
( 8 .2 5  m  in  d ia m e t e r ,  a n d  1 .5  m  in  d e p th )  ( P la te  I - 1 ) . In  th e  f i f t h  y e a r ,  
o ne  p a i r  o f  f is h e s  w e r e  d is s e c te d  f o r  in v e s t ig a t io n  on  g o n a d a l d e v e lo p m e n t .  
A g a in ,  tw e n ty  f is h e s  w e r e  c h o s e n  a n d  c o n t in u e d  to  be  r e a r e d  in  ro u n d  
c e m e n t  t a n k  o f  th e  s a m e  s iz e .
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T h e  f is h e s  w e r e  fe d  d a i l y  i n  th e  m o r n in g  w i t h  a  c o m p o u n d  fe e d ,  th e  
c o m p o s i t io n  o f  w h ic h  i s g iv e n  i n  T a b le  1 . T h e  a m o u n t  g iv e n  w a s  ju s t  
s u f f i c ie n t  f o r  t h e i r  s a t ia t io n .
A e r a t io n  w a s  p r o v id e d  th r o u g h o u t  th e  r e a r in g  p e r io d  a n d  w a t e r  w a s  
p la c e d  w h e n  n e c e s s a r y .  T h e  r e p la c e m e n t  w a s  m a d e  m o r e  f r e q u e n t ly  in  
s u m m e r  b e c a u s e  o f  th e  f a st  g r o w th  o f  p h y to p la n k to n .  T h e  f lu c t u a t io n  o f  
a v e r a g e  w a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  o f  r e a r in g  w a t e r  in  l a s t  one  a n d  a 
h a l f  y e a r  is  s h o w n  in  F ig .  1 . T h e  w a t e r  t e m p e r a t u r e  ra n g e d  f r o m  1 9 .2  
t o  2 9 .8 ° C  a n d  s a l i n i t y  f r o m  1 5 .7 8  to  3 1 .1 8  ‰ .
T a b le  1 . C o m p o s i t io n  o f  c o m p o u n d  fe e d .
F e e d s tu f f
F is h  
m e a l
R ic e  
b r a n Y e a s t
S o y  
b e a n
W h e a t 
f l o u r
S o y  b e a n  
o i l
M u l t ip le  
v i t a m in s
% 25 20 20 15 19 0 . 5  ~ 1 .0 0 .1  ~ 0 . 2
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F ig .  1 The f l u c t u a t io n  o f  a ve ra g e  w a te r  te m p e ra tu re  and 
s a l i n i t y  o f  r e a r in g  w a te r  in  la t e  one and a h a l f  y e a r .
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Two p a irs  of m ilkfish w ere  h a rv ested  re sp ec tiv e ly  on 13 May 1975 
and 11 April1 1976 (P late  2-1). The ex te rnal m orphology and genital pores 
w ere carefu lly  observed to  d istingu ish  the m ale from  the fem ale . They 
w ere  then sac rif ice d . M easurem ent of body weight and body length was 
made before d issec tio n  and gonadal weight was a lso  d e te rm in ed . The 
gonad was fixed in Bouin 's  fluid and stained with Dela f ield 's  hem atoxylin  
and e o s in fo r h isto log ical study.
R esults
The sex of m ilk fish was fa ir ly  hard  to  be d istinguished by th e ir  
ex te rn a l c h a ra c te r is tic s  as rep o rted  by Tam pi (1957). Both during 1975 
and 1976 a p a ir  of m ilk fish  could be selected  with g rea t difficulty  and 
confirm ation made only a fte r  the d issec tio n .
The ovaries  or te s te s  of m ilkfish  a re  m ore or le ss  sy m m etrica lly  
developed, being suspended in coelom ic cavity by m e so v a rium or m e so r ­
ch ium which connects th e ir  d o rsa l inner side with the peritonea l w ail.
The ovary consists of num erous ovigerous lam ellae  w here ovarian  
oocytes a re  p re s e n t . The inner side of ovaries is surrounded  with fibrous 
ovarian  w ail w hereas ovigerous lam ellae  on outer side a re  exposed in 
coelom . As shown in Table 2 and P la te s  1-3 and 1-5, the ovary of adult 
m ilkfish  aged five y e a rs  weighed 6 .99  g with the GSI of 0 .23  and m ost of 
the ovarian  oocytes observed from  the h isto log ical section  of the ovary 
w ere found at the p r im a ry  stage . Only 0.54% of the ovarian  oocytes in 
the p re sen t study w ere  at oil d rop le t (yolk vesic le) stage (Yamamoto et al . ,  
1965; H ayashi, 1975) and the re s t  (99.46% w ere  s till at p eri-nuc leo lu s 
stage o r even a t the ch rom atin -nucleo lus stage . The ovary of the tank- 
re a re d  m ilkfish  aged six  y e a rs  weighed 21.20 g with the GSI of 0 .6 6 . 
The ovary was yellow ish orange in col or with d istinc tly  sep ara te  eggs. The 
biggest ones m easu red  0 .4  m m  in d ia m e te r. H istological study of ovarian  
section  showed that 8.41% of the ovarian  oocytes w ere  at oil d rop le t (yolk 
v esic le ) stage and with som e ex tra  sm all eosinophilic g ranu les while the 
r e s t  (91.59%) w ere  at the p e r i-nucleolus stage or even at the e a r l ie r  stage . 
In o ther w ords, the ovary of m ilk fish  aged six y ears  is found com paratively  
m ore m atu re  than that of fiv e -y e a r old fem ale .
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T a b le  2 . G o n a d a l d e v e lo p m e n t  o f  t a n k - r e a r e d  a d u l t  m i l k f i s h .
F is h  
N o . D a te S e x
A g e  
( y r )
B . W .  
(k g )
T . L .  
(c m )
G . W . 
(g ) G S I G o n a d a l d e v e lo p m e n t
1 1 3 - 5 - 7 5 ♀ 5 2 .9 9 7 1 .9 5 6 .9 9 0 .2 3 I m m a t u r e ;  9 9 .4 6 %  o f  
o o c y te s  a t  e a r l i e r  a n d  
p e r i - n u c l e o lu s  s ta g e ;
0 .5 4 %  a t  o i l  d r o p le t  
( y o lk  v e s ic le )  s ta g e .
2 1 3 - 5 - 7 5
♂
5 2 .3 4 6 4 .5 5 0 .9 4 0 .0 4 M a tu r e ;  s p e r m a to g e ­
n e s is  in  p r o c e s s  w i t h  
s p e r m a to c y te s  a t  
v a r io u s  s ta g e s .
3 1 1 - 4 - 7 5 ♀ 6 3 .2 0 7 0 .0 4 2 1 .2 0 0 .6 6 I m m a t u r e ;  9 1 .5 9 %  o f  
o o c y te s  a t  e a r l ie r  
a n d  p e r i - n u c le o lu s  
s ta g e ;  8 .4 1 %  a t o i l  
d r o p le t  ( y o lk  v e s ic le )  
s ta g e .
4 1 1 - 4 - 7 6 ♂ 6 3 .8 9 7 2 .6 7 4 .6 3 0 .1 2 M a tu r e ;  s p e r m a to g e ­
n e s is  in  p r o c e s s  w i t h  
s p e r m a to c y te s  a t 
v a r io u s  s ta g e s .
T h e  te s te s  w e r e  c o v e r e d  w i t h  a l a y e r  o f  t u n ic a  f o r m in g  th e  s m o o th  
s u r f a c e .  T h e  te s te s  a p p e a re d  to u g h ,  f l a t  a n d  g r e y is h  w h i te  i n  c o lo r .  
E a c h  te s te s  c o n s is ts  o f  n u m e r o u s  t e s t i c u la r  lo b u le s  t h a t  h a v e  lu m e n  i n s id e  
a n d  h a v e  s p e r m a to g o n ia  i n  p e r ip h e r a l  z o n e .  A s  s h o w n  i n  P la te s  1 -4  a n d  
1 -6 ,  t h e r e  w e r e  m a tu r e  s p e r m a to z o a  a n d  m a n y  s p e r m a to c y te s  a t  v a r io u s  
s ta g e s  o f  d e v e lo p m e n t  i n  t e s t i c u la r  lo b u le s  o f  m i l k f i s h  a g e d  f iv e  o r  s ix  
y e a r s .  In  f a c t ,  t h e r e  w a s  n o  d is t in c t  d i f f e r e n c e  i n  th e  s ta g e s  o f  m a t u r i t y  
o f  t e s te s  b e tw e e n  f iv e  y e a r s  a n d  s ix  y e a r s  o ld  m i l k f i s h . T h e  o n ly  d i f f e r e n c e  
w a s  t h a t  th e  te s te s  o f  th e  l a t t e r  w e ig h e d  h e a v ie r  th a n  th o s e  o f  th e  f o r m e r .
D is c u s s io n
T a m p i  (1 9 5 7 )  w a s  th e  f i r s t  s c ie n t i s t  t o  r e p o r t  on  t h i s  s u b je c t .  H e  
m a d e  a d e ta i le d  a n d  c le a r  d e s c r ip t io n  o f  th e  s t r u c t u r e  o f  m i l k f i s h  g o n a d .  
C o m p a r in g  w i t h  th e  m o r e  p o p u la r  c la s s i f i c a t io n  o f  g o n a d a l m a t u r i t y  s ta g e s  
a s  d e s c r ib e d  b y  Y a m a m o to  e t ad. (1 9 6 5 )  a n d  H a y a s h i  (1 9 7 2 ) ,  th e  one
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T h e  ro u n d  c e m e n t  t a n k  
f o r  r e a r in g  th e  a d u l t  m i l k f i s h  
( 8 . 2 5  m  in  d ia m e t e r ,  1 .5  m  in  d e p th )
T h e  a d u l t  t a n k - r e a r e d  m i l k f i s h  
(a b o v e , m a le ;  b e lo w ,  f e m a le )  
a n d  t h e i r  g o n a d s .  
( F i s h  N o .  3 a n d  4  in  T a b le  2)
S e c t io n  o f  th e  o v a r y  o f  F is h  n o .  1 
in  T a b le  2 s h o w in g  th e  s m a l l  o o c y te s  
a t  p r i m a r y  s ta g e .
S e c t io n  o f  th e  t e s t i s  o f  F i s h  
n o .  4  in  T a b le  2 .
O o c y te s  a t  o i l  d r o p le t  ( y o lk  v e s ic le )  
s ta g e  a n d  p e r i - n u c le o lu s  s ta g e  in  th e  
o v a r y  o f  F i s h  n o .  3 in  T a b le  2 .
S e c t io n  o f  th e  t e s t i s  f r o m  F is h  
n o .  2 in  T a b le  2 .
I m m a t u r e  e g g s  ( 0 . 3  0 . 4  m m  
in  d ia m e t e r )  o f  F is h  n o .  3 in  T a b le  2 .
N e a r ly  m a tu r e  e g g s  ( 0 .8 9  x  0 .9 8  
1 .3 2  x  1 .5 0  m m  in  d ia m e t e r )  f r o m  
F i s h  n o .  1 i n  T a b le  3 .
P la te  1
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d e s c r ib e d  b y  T a m p i  (1 9 5 7 )  i s s o m e w h a t  b r o a d ;  he  c la s s i f ie d  i t  i n to  f o u r  
s ta g e s  d e p e n d in g  o n  th e  d e g re e  o f  d e v e lo p m e n t ,  f o r  h is  c o n v e n ie n c e .  
T a m p i 's  d e s c r ip t io n  i s no t c o m p le te  p r o b a b ly  b e c a u s e  he d id  n o t  c o m e  a c r o s s  
th e  i n te r m e d ia te  s ta g e s .  S in c e  th e r e  i s n o  o th e r  p a p e r  th a t  g iv e s  m o r e  
c o n f i r m a t i v e  a n d  c o m p le te  i n fo r m a t io n  on  th e  g o n a d a l d e v e lo p m e n t  o f  m i l k ­
f i s h ,  th e  c la s s i f i c a t io n  o f  Y a m a m o to  e t  a l .  a n d  H a y a s h i  h a s  b e e n  fo l lo w e d  
i n  th e  p r e s e n t  s tu d y .
O v a r y  o f  m i l k f i s h  i s o f  " g y m n o v a r i an  t y p e "  b u t n o t  " c y s t o v a r i a n  t y p e "  
a s  i n  m o s t  t e le o s t s ,  w h i le  i t s  te s te s  i s ju s t  l i k e  t h a t  o f  o th e r  t e le o s t s ,
T h e  b ig g e s t  o v a r ia n  o o c y te s  o f  f i s h  a g e d  s ix  y e a r s  m e a s u r e d  0 . 4  m m  
i n  d ia m e t e r  a n d  w e r e  fo u n d  a l r e a d y  a t  o i l  d r o p le t  ( y o lk  v e s ic le )  s ta g e  w h e n  
v i t e l lo g e n e s is  w a s  o n g o in g  as  th e  i m p o r t a n t  s te p  to w a r d s  a t t a in in g  m a t u r i t y .  
A s  s h o w n  i n  T a b le  2 , th e  g o n a d a l d e v e lo p m e n t  o f th e  s i x - y e a r  o ld  fe m a le  
m i l k f i s h  w a s  fo u n d  m o r e  a d v a n c e d  th a n  th a t  o f  f i v e - y e a r  o ld  o n e . T h is  
o b s e r v a t io n ,  s u p p o r te d  b y  th e  G S I s tu d y  b y  K u o  e t  a l .  (1 9 7 5 ) ,  s u g g e s ts  th e  
l ik e l ih o o d  o f  th e  o o c y te s  r e a c h in g  s e c o n d a r y  y o lk  s ta g e  o r  t e r t i a r y  y o lk  
s ta g e  i f  t h e y  a r e  r e a r e d  f o r  s e v e r a l  m o r e  m o n th s  i n  c a p t i v i t y .  B y  th a t  
t im e ,  h o r m o n e  t r e a t m e n t  c a n  be g iv e n  b a s e d  on  th e  in f o r m a t io n  o b ta in e d  in  
a n  i n d u c e d  b r e e d in g  o f  g r e y  m u l le t  d o n e  in  t h is  L a b o r a t o r y . K u o  e t  a l .  
(1 9 7 5 )  m e n t io n e d  th a t  r e c e p t iv e  fe m a le s  s h o u ld  h a v e  th e  o o c y te s  o f  th e  
t e r t i a r y  y o lk  s ta g e  b e tw e e n  0 . 7  a nd  0 . 8  m m  in  d ia m e t e r .  F o r  in d u c in g  
b r e e d in g  o f  m i l k f i s h  b y  h o r m o n e  t r e a t m e n t ,  s ix  m i l k f i s h  o f  b o th  s e x e s  
a g e d  s ix  y e a r s  a r e  b e in g  t r e a t e d  w i t h  h o r m o n e * .  T h e  f e a s i b i l i t y  o f  r a is in g  
t a n k - r e a r e d  s p a w n e rs  w i l l  be  f u l l y  a s c e r ta in e d  i f  th e s e  t r e a t e d  fe m a le s  r e a c h  
f u l l y  r ip e  c o n d i t io n .  T h e  s u c c e s s  w i l l  be  a b ig  b r e a k th r o u g h  in  a r t i f i c i a l  
p r o p a g a t io n  o f  m i l k f i s h .
L ia o  (1 9 7 1 ) o b s e rv e d  t h a t  in  c o a s ta l  a r e a  o f  s o u th e r n  T a iw a n ,  w i l d  
m a tu r e  s p a w n e rs  o f  m i l k f i s h  a r e  c a p tu r e d  d u r in g  th e  p e r io d  f r o m  A p r i l  to  
J u n e .  H o w e v e r ,  t h e r e  is  n o  r e c o r d  so  f a r  o f  c a p tu r in g  th e m  in  the f a l l  
m o n th s .  A c c o r d in g  t o  th e  o c c u r r e n c e  o f  w i ld  m i l k f i s h  f r y ,  t h e r e  s h o u ld  
be  tw o  s p a w n in g  s e a s o n s ,  one  in  s p r in g  a n d  th e  o th e r  in  f a l l .  T a m p i  (1 9 5 7 ) 
r e p o r te d  th a t  e a c h  m i l k f i s h  n o r m a l ly  s p a w n s  o n ly  o n ce  a y e a r .  T h e r e f o r e ,  
i t  m ig h t  be  c o n je c tu r e d  th a t  o o c y te s  a t o i l  d r o p le t  ( y o lk  v e s ic le )  s ta g e  in  
A p r i l  o f  th e  s ix - y e a r  o ld  t a n k -  r e a r e d  m i l k f i s h  w o u ld  r e a c h  s e c o n d a r y  
y o lk  s ta g e  o r  e v e n  t e r t i a r y  y o lk  s ta g e  in  f a l l  o f  th e  s a m e  y e a r .  I t  is  
im p o r t a n t  t o  in v e s t ig a te  th e  m o n th ly  g o n a d a l d e v e lo p m e n t  o f  m i l k f i s h  r e a r e d  
in  c a p t iv i t y .
* N o  s ig n i f ic a n t  re s p o n s e  w a s  o b s e rv e d  a f t e r  th e  f i f t h  in je c t io n  on  
24 A p r i l  1 9 7 6 . F i s h  a r e  h e a l t h y  a n d  a r e  c o n t in u e d  t o  be  t r e a t e d .
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T a m p i  (1 9 5 7 ) p o in te d  o u t t h a t  th e  a g e  o f  w i l d  fe m a le  m i l k f i s h  a t  
f i r s t  m a t u r i t y  i s r o u g h ly  b e tw e e n  f o u r  a n d  f iv e  y e a r s .  H o w e v e r ,  o u r  
u n p u b l is h e d  d a ta  o n  th e  g o n a d a l d e v e lo p m e n t  o f  t a n k - r e a r e d  m i l k f i s h  a t  
d i f f e r e n t  a g e ,  s h o w e d  th a t  th e  o v a r ia n  o o c y te s  o f  f i s h  u n d e r  f iv e  y e a r s  
d e v e lo p e d  t o  p e r i - n u c le o lu s  s ta g e  o n ly  a n d  o o c y te s  a t o i l  d r o p le t  ( y o lk  
v e s ic le )  s ta g e  s t a r t e d  t o  a p p e a r  a t th e  a g e  o f  f iv e  y e a r s .  A s  n o te d  p r e ­
v io u s ly  b y  L ia o  (1 9 7 1 ) ,  th e  m in im u m  a g e  o f  w i l d  f e m a le  m i l k f i s h  a t  f i r s t  
m a t u r i t y  w a s  f iv e  y e a r s  i n  T a iw a n .  A g e  o f  t a n k - r e a r e d  m i l k f i s h  c a n  be 
c o r r e c t l y  a s c e r ta in e d  b a s e d  o n  th e  d a te  o f  s to c k in g .  H o w e v e r ,  a g e  o f  
c a p tu r e d  f i s h  w a s  d e te r m in e d  f r o m  s c a le  r in g s  a l th o u g h  s o m e  p a r t s  a r e  n o t 
c le a r  e n o u g h  f o r  r e a d in g .  T h e r e f o r e ,  f u r t h e r  s tu d y  i n  t h is  r e s p e c t  i s 
n e e d e d .
T a m p i  (1 9 5 7 )  o b s e rv e d  th a t  th e  s iz e  o f  c a p tu r e d  fe m a le  f i s h  a t  i t s  
s e x u a l m a t u r i t y  i s a b o u t 110 c m  t o t a l  le n g th  a n d  b o d y  w e ig h t  a b o u t 1 1 .0  k g ,  
w h ic h  i s l a r g e r  th a n  t h a t  o b s e rv e d  i n  w i l d  s p a w n e r  i n  T a iw a n  (T a b le  3 ) .  
L ia o  (1 9 7 1 )  a t t r ib u t e d  th e  r e a s o n  th a t  p r o b a b ly  d i f f e r e n t  s p a w n in g  s to c k s  
a r e  t h e r e  i n  M a n d a p a m  a r e a  a n d  T a iw a n  a r e a .  A s  l i s t e d  i n  T a b le s  2 a n d  
3 ,  th e  m e a s u r e m e n ts  o f  t a n k - r e a r e d  s p a w n e rs  w e r e  s m a l le r  th a n  th o s e  o f  
w i l d  o n e s .  T h e s e  d a ta  c o r r e s p o n d  m o r e  t o  t h a t  r e c o r d e d  b y  K u o  e t  a l .  
(1 9 7 5 ) .  A s  l i s t e d  i n  T a b le  4 ,  th e  f i s h  b e in g  r e a r e d  i n  a b ig  p o n d  f o r  tw o  
t o  t h r e e  y e a r s  m e a s u r e d  a lm o s t  th e  s a m e  i n  t o t a l  le n g th  a n d  b o d y  w e ig h t  
a s  th e  f i s h  o f  f iv e  y e a r s  o f  th e  p r e s e n t  s tu d y ,  b u t  g o n a d a l d e v e lo p m e n t  o f  
th e  f o r m e r  w a s  f a r  b e h in d  t h a t  o f th e  l a t t e r .  I t  i s c o n c lu d e d  t h a t  a g e  o f  
f i s h  i s th e  m o r e  i m p o r t a n t  f a c t o r  t o  s e x u a l m a t u r i t y  th a n  i t s  s i z e .
T a b le  3 .  G o n a d  w e ig h t  a n d  G S I o f  f o u r  a d u l t  m i l k f i s h  c a p tu re d  f r o m  th e  
c o a s t  o f  S o u th e rn  T a iw a n .
F is h  
N o . D a te S e x
A g e  
( y r )
B .W . T . L .  
( c m )
G .  W . 
(s ) G S I R e m a r k s
1 5 - 6 - 7 0 ♀ 6 8 .2 0 1 0 4 .0 9 5 0 .0 1 1 .5 9 A lm o s t  m a tu r e  w i t h  
e g g s  0 .8 9  x  0 .9 8  
1 .3 2  x  1 .5 0  m m  
i n  d ia m e t e r ,  c a p ­
t u r e d  f r o m  H e n g -  
C h u n .
2 2 2 - 4 - 7 1 ♀ 5 6 .0 3 8 7 .0 2 0 1 .2 3 .3 4 I m m a t u r e  w i t h  e g g s  
0 .5 4  x  0 .5 9  m m  i n  
a v e r a g e  d ia m e t e r ,  
c a p tu r e d  f r o m  
H e n g -C h u n .
3 9 - 6 - 7 2 ♂ 6 7 .6 9 9 8 .7 4 8 2 .1 6 .2 7 M a t u r e ,  c a p tu re d  
f r o m  N a n - J e n  W a n .
4 1 0 - 4 - 7 4 6 9 . 50 1 0 0 .0 4 1 6 .  5 4 .3 8 M a t u r e ,  c a p tu r e d  
f r o m  N a n -J e n  W a n .
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T a b le  4 .  G o n a d  w e ig h t  a n d  G S I o f  f o u r  m i l k f is h  c u ltu r e d  i n  p o n d  n e a r  
T u n g k a n g .
F is h  
N o . D a te S e x
A g e  
( y r )
B . W .  
( k g )
T . L .  
(c m )
G .W . 
(g ) G S I
1 3 - 7 - 7 5 2 2 .6 2 6 8 .2 1 .2 3 0 .0 5
2 2 - 8 - 7 5 9 3 2 .1 8 - 1 .9 7 0 .0 9
3 2 - 9 - 7 5 3 2 .9 1 7 1 .3 4 0 .4 7 0 .0 2
4 2 - 9 - 7 5 2 2 .4 2 - 0 .4 4 0 .0 2
B o th  m e a s u r e m e n t  o f  b o d y  le n g th ,  b o d y  w e ig h t  a n d  g o n a d  w e ig h t  a n d  
g o n a d a l d e v e lo p m e n t  o f  t a n k - r e a r e d  s p a w n e rs  ( T a b le  2 ) w e r e  le s s  th a n  th a t  
o f  w i l d  m i l k f i s h  o f  s a m e  a g e  (T a b le  3 ) .  D e v e lo p m e n t  o f  th e  o v a r ia n  o o c y te s  
in  th e  s a m e  t a n k - r e a r e d  s p a w n e r  w e r e  r a t h e r  d iv e r s e  ju s t  a s  i n  c a p t iv e  
g r e y  m u l le t  ( P ie n ,  1 9 7 5 ) a n d  t h i s  m a y  v a r y  th e  e g g  p r o d u c t io n .  I t  m ig h t  
be  c a u s e d  b y  e i t h e r  e c o lo g ic a l  o r  p h y s io lo g ic a l  f a c t o r s .  F u r t h e r  s tu d y  
o n  th e  r e p r o d u c t iv e  e c o lo g y  o f  w i l d  m il k f i s h  i s a ls o  n e e d e d  in  o r d e r  to  
im p r o v e  th e  r e a r in g  te c h n iq u e s  t o  a c c e le r a te  t h e i r  g r o w th  a n d  g o n a d a l 
d e v e lo p m e n t .
A s  s h o w n  in  T a b le  2 , b o th  th e  m a le  m i l k f i s h  a g e d  f iv e  y e a r s  a n d  
s ix  y e a r s  h a d  m a tu r e  s p e r m s ,  b u t  l i t t l e  m i l t  w a s  o b ta in e d  on  s t r ip p in g  
th e  te s te s  o f  th e  l a t t e r  o n ly .  H o w e v e r ,  t h e i r  G S I w a s  m u c h  lo w e r  th a n  
th a t  o f  w i l d  s p a w n e r  (T a b le  3 )  a n d  t h e r e  w a s  v e r y  l im i t e d  a m o u n t  o f  m i l t  
p r o b a b ly  e v e n  n o t  e n o u g h  f o r  th e  e g g s  o f  o n e  f e m a le .  C o n s e q u e n t ly ,  
h o r m o n e  t r e a t m e n t  is  n e e d e d  t o  in d u c e  p r o p e r  d e v e lo p m e n t  a s  w e l l  a s  
m a t u r a t io n  o f  g o n a d  th a t  h a s  re a c h e d  th e  d e v e lo p m e n ta l s ta g e  as  th e  e x p e ­
r im e n t a l  f i s h  in  th e  p r e s e n t  s tu d y .
In  r e c a p i t u la t io n ,  m a le  t a n k - r e a r e d  m i l k f i s h  is  m a tu r e  a t  th e  a g e  
a b o v e  f iv e  y e a r s  a n d  m a y  be  s t r ip p e d  f o r  m i l t  t h r o u g h  th e  h e l p  of  h o r m o n e  
t r e a t m e n t .  A s  f o r  fe m a le  m i l k f i s h  o f  s ix  y e a r s  a g e ,  th e y  a r e  n o t  r ip e  
e n o u g h  t o  be s t r ip p e d  b u t  th e  g o n a d a l d e v e lo p m e n t  is  e n c o u r a g in g .  T h e  
s m a l le r  s iz e  o f  t a n k - r e a r e d  s p a w n e rs  th a n  th e  w i l d  o n e s  m a y  c a u s e  s o m e  
e f fe c t  o n  t h e i r  f e c u n d i t y  b u t  is  a d v a n ta g e o u s  t o  h a n d le  a n d  o p e ra te  in  
a r t i f i c i a l  p r o p a g a t io n .  In  a d d i t io n ,  th e  d o m e s t ic a t io n  o f  t a n k - r e a r e d  
s p a w n e rs  is  a ls o  a n  a d v a n ta g e  in  th e  p r o c e s s  o f  h o r m o n e  t r e a t m e n t .  O n  
th e  c o n t r a r y ,  w i l d  a d u l t  m i l k f i s h  a r e  h ig h ly  e x c i t a b le  a n d  e x t r e m e ly  d i f f i c u l t  
t o  c a p tu re  a n d  h a n d le  w i t h o u t  c a u s in g  s t r e s s  a n d  s h o c k  w h ic h  u s u a l ly  r e s u l t  
in  i n j u r y  a n d  d e a th .  I t  is  c o n c lu d e d  th a t  th e  id e a  to  s t a r t  r a is in g  m i l k f i s h  
in  c a p t i v i t y  s ix  y e a r s  a g o  is  o f  s ig n i f ic a n c e .  T h e r e  s t i l l  e x is t  m a n y
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u n s o lv e d  p r o b le m s  s u c h  a s  im p r o v in g  th e  c o m p o s i t io n  o f  c o m p o u n d  fe e d  
le s t  th e  m i l k f i s h  s h o u ld  be  to o  f a t t y  a n d  f in d in g  o u t a d e p e n d a b le  m e th o d  
t o  d is t in g u is h  th e  m a le  f r o m  th e  fe m a le  a d u l t  m i l k f i s h . I t  i s h o p e d  to  
e s ta b l is h  a n d  c o m p le te  th e  p r o c e s s  o f  a r t i f i c i a l  p r o p a g a t io n  o f  th e  e c o n o ­
m ic a l l y  im p o r t a n t  m i l k f i s h  t h r o u g h  c o n t in u o u s  e f f o r t  i n  th e  n e a r  f u t u r e .
A c k n o w le d g m e n ts
T h e  r e s e a r c h  w a s  s u p p o r te d  i n  p a r t  b y  th e  g r a n t  f r o m  " A c c e le r a t e d  
R u r a l  D e v e lo p m e n t  P r o g r a m " .  O u r  g r a te f u l  a c k n o w le d g m e n t  i s d u e  to  
M r .  T .  P .  C h e n ,  C o n s u lta n t  o f  J C R R ,  M r .  C . T .  C h u e h , C h ie f  o f  
F is h e r ie s  D iv i s io n  o f  J C R R  a n d  M r .  P .  W . Y u a n ,  S e n io r  s p e c ia l i s t  o f  
J C R R  f o r  t h e i r  e n th u s ia s t ic  e n c o u r a g e m e n ts .
D e e p  th a n k s  a r e  a ls o  e x te n d e d  t o  a l l  th e  f o r m e r  a n d  p r e s e n t  m e m b e r s  
o f  T u n g k a n g  M a r in e  L a b o r a t o r y ,  W e a r e  e s p e c ia l ly  in d e b te d  t o  M e s s r s .  
C .  T .  H u a n g , C . S . C h e n g , N . H .  C h a o  a n d  C .  C . T s e n g  f o r  t h e i r  
d e v o t io n a l  h e lp  in  p r e p a r in g  t h i s  p a p e r .
R e fe r e n c e s
H a y a s h i ,  I . 1 9 7 2 . O n  th e  o v a r ia n  m a t u r a t io n  o f  th e  J a p a n e s e  se a  b a s s ,  
L a te o l a b r a x  ja p o n ic u s . J a p a n  J .  I c h t h y o l . ,  1 9 (4 )  : 2 4 3 -2 5 4 .
K u o ,  C . M . ,  C . E .  N a s h  a n d  D .  L in .  1 9 7 5 . R e p r o d u c t iv e  p h y s io lo g y  o f 
im p o r t a n t  f i n f i s h .  T h e  O c e a n ic  I n s t i t u t e  A n n u a l R e p o r t  1 9 7 5 , 2 0 - 2 2 .
L ia o ,  I . C .  1 9 7 1 . N o te  on  s o m e  a d u lt  m i l k f i s h  f r o m  th e  c o a s t  o f  
s o u th e r n  T a iw a n .  A q u ic u l t u r e ,  1 (3 ) : 1 -1 0  ( in  C h in e s e  w i t h  E n g l is h  
a b s t r a c t ) .
P ie n ,  P . C .  1 9 7 4 . H is t o lo g ic a l  s tu d ie s  on t he g o n a d a l d e v e lo p m e n t  o f  
th e  g r e y  m u l le t ,  M u g i l  c e p h a lu s  L in n a e u s .  M a s t e r 's  T h e s is ,  
I n s t i t u t e  o f  O c e a n o g ra p h y ,  C o l le g e  o f  S c ie n c e ,  N a t io n a l  T a iw a n  
U n iv e r s i t y  ( in  C h in e s e ) .
S c h m it to u ,  H . R .  1 9 7 5 . S a b a lo  s p a w n in g .  P r o c e e d in g s  o f  th e  N a t io n a l  
B a n g o s  S y m p o s iu m ,  P u n ta  B a l u a r t e ,  P h i l ip p in e s ,  J u ly  2 5 - 2 8 ,  1 9 7 5 , 
5 6 - 6 1 .
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T a m p i , P . R . S .  1 9 5 7 . S o m e  o b s e r v a t io n s  on  th e  r e p r o d u c t io n  o f  th e  
m i l k f i sh  C h a n o s  c h a n o s  ( F o r s k a l ) .  P r o c .  In d ia n  A c a d .  S c i . B 4 6  
2 5 4 -2 7 6 .
Y a m a m o to ,  K . ,  I . O o ta ,  K .  T a k a n o ,  a n d  T .  I s h ik a w a .  1 9 6 5 . S tu d ie s  
o n  th e  m a t u r in g  p r o c e s s  o f  th e  r a in b o w  t r o u t ,  S a lm o  ga i r d n e r i i  
i r i d e u s  - -  I . M a t u r a t io n  o f th e  o v a r y  o f  a o n e - y e a r  o ld  f i s h .  
B u l l .  J a p a n .  S o c . S c i .  F i s h . ,  3 1 (2 )  : 1 2 3 -1 3 2  ( i n  J a p a n e s e  w i t h  
E n g l is h  a b s t r a c t ) .
